APPLICATION FOR LETTERS PA TENT 



Inventor: 



Stephen J. Kaufman 



DIAGNOSTICS, ASSA Y METHODS AND 
AMELIORA TION OF MUSCULAR DYSTROPHY 

SYMPTOMS 



CERTIFICATE OF MAILING 

I hereby certify that this correspondence 
is being deposited with the United States 
Postal Service as "Express Mail" in an 
envelope addressed to the 
Commissioner for Patents. 



Date B. Kroge 

Express Mail Receipt EL 827 990 402 US 



Prepared by: 

GREENLEE, WINNER AND SULLIVAN, P C. 

5370 Manhattan Circle 
Suite 201 
Boulder, Colorado 80303 
(303) 499-8080 
FAX: (303) 499-8089 



Attorney Docket 94-00 



* 



10 



15 



20 



25 



30 



DIAGNOSTICS, ASSAY METHODS AND 
AMELIORATION OF MUSCULAR DYSTROPHY SYMPTOMS 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application claims priority from United States Provisional Application 60/270,645 
filed February 20, 2001 and from United States Provisional Application 60/286,890 filed April 
27, 2001, both of which are incorporated herein. 

ACKNOWLEDGMENT OF FEDERAL RESEARCH SUPPORT 
This invention was made, at least in part, with funding from the National Institutes of 
Health. Accordingly, the United States government has certain rights in this invention. 

BACKGROUND OF THE INVENTION 
The field of the present invention is the area of medical treatment and diagnosis using 
molecular technology. In particular, the present invention utilizes gene therapy and drug 
induced gene expression to ameliorate the physical condition of muscular dystrophy patients, 
especially those lacking dystrophin or lacking dystrophin and utrophin or those with lower than 
normal levels of a7 integrin, and in another aspect, this invention relates to the use of nucleic 
acid probes or primers or immunological probes for detecting the reduction of or lack of 
expression of the cx7pl integrin in scapuloperoneal muscular dystrophy (SPMD) as well as to 
the use of assays to identify compounds which induce increased expression via a7(31 integrin 
transcriptional regulatory sequences. 

Scapuloperoneal (SP) muscular dystrophy is one of a heterogenous group of 
scapuloperoneal syndromes affecting the muscles of the shoulder girdle and peroneal. SP 
syndromes were formerly grouped as one genetic disease, but clinical analysis and genetic 
mapping have revealed that this syndrome includes at least two distinct diseases with different 
underlying genetic defects. SPMD is an autosomal dominant disorder characterized by 
myopathy and progressive muscle weakening in the shoulder girdle and peroneal muscles. The 
disease has late onset, with affected individuals first displaying symptoms in their late teens 
or early twenties and up to the late fifties. This disease affects the legs and feet (with foot drop 
and hammer toes) and the proximal and/or distal arms. Patients have scapular winging and 
asymmetry. There is intolerance to exercise. Other symptoms include contractures, hearing 
loss, twitching, muscle cramps, facial weakness and cardiac disorders. Death results from 
cardiac or respiratory failure. Although the underlying genetic defect has not been identified 
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previously, SPMD has been mapped by genetic Hnkage analysis to human chromosome 
12ql3.3-ql5. 

The defective association of skeletal and cardiac muscle with then surrounding basal 
lamina underl.es the pathologies associated with a variety of muscular dvstroph.es and 
card.omyopath.es (Matsumura and Campbell, 1994; Hayashi, et al.. 1993; Hayashi, et al 
1998; Lim and Campbell, 1998). Duchenne Muscular Dystrophy (DMD) is a congen.tal X-l.nked 
myopathy that is caused by a lack of the dystrophin prote.n and affects approximately 1 in 
3300 males. Patients with DMD experience progressive muscle deterioration and debilitation 
that severely restricts mobility. Death due to cardiac and respiratory failure usually occurs in 
the second decade of life. 

Mutations in the dystrophin gene result in a lack of dystrophin, a 427 kDa protein 
localized to the inner cytoplasmic side of the plasma membrane of skeletal and cardiac muscle 
cells (Monaco et al., 1986; Matsumura and Campbell, 1994; Campbell, 1995). In association 
with dystroglycans, syntrophins, and sarcoglycans, dystrophin links the cell cytoskeleton to 
laminin in the extracellular matrix. In the absence of one or more components of the dystrophin 
linkage system, the association of fibers with the surrounding basal lamina is compromised, 
leading to the myopathy observed. Thus, the molecular continuity between the extracellular 
matrix and the cell cytoskeleton is essential for the structural and functional integrity of 
muscle. 

The integrins are a p heterodimeric receptors that bind extracellular matrix proteins 
and interact with the cell cytoskeleton (Hynes, 1992). The a?pi integrin is a laminin receptor 
on skeletal and cardiac muscle (Song et al., 1992) and serves as a transmembrane link 
between the basal lamina and muscle fibers. Multiple isoforms of the a 7 and pi chains are 
generated by developmentally regulated RNA splicing resulting in a family of receptors with 
diverse structure and functions (for reviews see Hodges and Kaufman, 1996 and Burkin and 
Kaufman, 1999). 

The al integrin chain is encoded by a single autosomal gene on human chromosome 
12ql3 (Wang et al., 1995). Three alternative cytoplasmic domain (a 7A, B and C) and two 
extracellular domain variants (XI and X2) of the protein have been identified (Song, et al, 1993; 
Collo et al., 1993; Ziober et al., 1993). Four additional alternatively spliced isoforms of the 
extracellular domain have been predicted by nucleotide sequence analysis (Leung et al., 1998; 
Vignier, et al., 1999). 



The «7 P 1 mtegnn .s a major lamimn receptor that serves as a transmembrane hnk and 
signal transduct 10 n mechanism between the extracellular matnx and the muscle fiber (Song 
et al. 1992; Hodges and Kaufman, 1996; Burkm and Kaufman, 1999,. Alternate cytoplasmic 
domams (A, B and C) (Song et al. 1993; Collo et al., 1993; Zoiber et a.., 1993, and extracellular 
> domams (XI and X2, (Zoiber et a.., 1993, Hodges and Kaufman, 1996) of this integrin are 
generated by developmentally regulated alternative RNA splicing. The diversity in the u7 
mtegnn chain appears to be the result of the broad range of biological functions with which it 
is assorted during muscle development, including the development of neuromuscular 
junctions (Burk.n et al., 1998; Burkm et a.., 2000), stability of myotendmous junctions and 
10 overall muscle integrity (Hayashi et al., 1998). 

The Bl chain cytoplasmic domain also undergoes developmental regulated alternative 
splicing. piA is the most common isoform of the p 1 chain and is expressed ,n a wide variety of 
tissues including replicating myoblasts. The alternative piD form is generated upon 
15 differentiation of myoblasts to myofibers (Zhidkova et al., 1995; van der Flier et al., 1995; 
Belkin et al, 1996; Belkin et al., 1997). 
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Mutations in the genes that encode the many components of the dystrophin 
glycoprotein complex cause the majority of muscular dystrophies. Mutations in the a7 gene also 
cause congenital myopathies (Hayashi et al., 1998). Thus, both the integrin and dystrophin- 
mediated transmembrane linkage systems contribute to the functional integrity of skeletal 
muscle. Interestingly, there is an increase in the amount of al transcript and protein in DMD 
patients and mdx mice (the mouse model that has a mutation in its dystrophin gene) (Hodges 
et al., 1997). This led us to suggest that enhanced expression of the integrin may partially 
compensate for the absence of the dystrophin glycoprotein complex (Hodges, et al., 1997; 
Burkin and Kaufman, 1999). Utrophin, a protein homologous to dystrophin, is also increased 
in DMD patients and mdx mice (Law, et al., 1994; Pons et al., 1994). Utrophin associates with 
many of the same proteins as dystrophin, and further increasing utrophin may, in part, also 
compensate for the absence of dystrophin (Tinsley et al., 1996). 

Although DMD patients (Monaco et al., 1987, and mdx mice (Bulfield et al., 1984; 
Sicinski, 1989) both lack dystrophin, the pathology that develops in the mdx mouse ,s much 
less severe than that observed in humans. The differences in the extent of pathology may be 
due to a number of factors including the enhanced expression and altered localization of 
utrophin (Law, et al., 1994; Pons et al.. 1994) and the al mtegnn chain (Hodges et al., 1997) 
in mtivmice. In addition, differences in utilization of skeletal muscles by humans compared to 
mice in captivity may also contribute to the decreased level of pathology seen in mdx mice. In 



contrast, mdx/utr (-/-) mice lack both dystrophin and utrophin and have a phenotype that is 
similar to that seen in Duchenne patients. These double mutant mice develop severe 
progressive muscular dystrophy and die prematurely between 4-20 weeks of age (Grady et al., 
1997b; Deconmck, et al., 1997b). 

To explore the hypothesis that enhanced expression of the cx7pl integrin compensates 
for the absence of the dystrophin glycoprotein complex and reduces the development of severe 
muscle disease, transgenic mice were made that express the rat cx7 chain. The mdx/utr (-/-) 
mice with enhanced expression of the a7BX2 chain isoform show greatly improved longevity 
and mobility compared to non-transgemc mdx/utr (-/-) mice. Transgenic mice maintained 
weight and had reduced spinal curvature (kyphosis) and joint contractures. Transgenic 
expression of the a7BX2 chain also reduced the degree of mononuclear cell infiltration and 
expression of fetal myosin heavy chain (fMyHC) in muscle fibers. Together these results show 
that enhanced expression of a7BX2(31D integrin significantly reduces the development of 
15 muscular dystrophy. 
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Muscle fibers attach to laminin in the basal lamina using the dystrophin glycoprotein 
complex and the cx7pi integrin. Defects in these linkage systems result in Duchenne muscular 
dystrophy, cx2 laminin congenital muscular dystrophy, sarcoglycan related muscular dystrophy, 

20 and a7 integrin congenital muscular dystrophy. Therefore the molecular continuity between 
the extracellular matrix and cell cytoskeleton is essential for the structural and functional 
integrity of skeletal muscle. To test whether the a7pi integrin can compensate for the absence 
of dystrophin, we have expressed the rat al chain in mdx/utr (-/-) mice that lack both 
dystrophin and utrophin. These mice develop a severe muscular dystrophy highly akin to that 

25 observed in Duchenne muscular dystrophy, and they also die prematurely. Using the muscle 
creatine kinase promoter, expression of the cx7BX2 integrin chain was increased approximately 
2 3-fold in mdx/utr (-/-) mice. Concomitant with the increase in the al chain, its heterodimeric 
partner, piD, was also increased in the transgenic animals. The transgenic expression of the 
C/7BX2 chain in the mdx/utr (-/-) mice extended their longevity by three-fold, reduced kyphosis 

30 and the development of muscle disease, and maintained mobility and the structure of the 
neuromuscular junction. Thus, bolstering a7p 1 integnn-mediated association of muscle cells 
with the extracellular matrix alleviates many of the symptoms of disease observed in mdx/utr 
(-/-) mice and compensates for the absence of the dystrophin- and utrophin- mediated linkage 
systems. 

35 

There is a longfelt need in the art for definitive and accurate methods for the diagnosis 
of particular types of neuromuscular disorders, such as SPMD, and to characterize the 
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particular defects of the disorder. Direct or indirect (e.g. drug) treatment is likewise 
unavailable, though needed. Enhanced expression of the a?pi mtegnn provides a novel 
approach for and fulfills a longfelt need for treatment of Duchenne muscular dystrophv and 
other muscle diseases that arise due to defects in the dystrophin glycoprotein complex. 

5 

SUMMARY OF THE INVENTION 
The present invention provides compositions and methods for ameliorating the physical 
condition and mobility of muscular dystrophy patients, for example, those suffering from 
Duchenne muscular dystrophy. There is also the beneficial result of longer life and better 

10 quality of life for patients treated according to the teachings and methods of the present 
invention. The present disclosure shows that expression over normal levels of the mtegrin 
polypeptide a7BX2 in muscle cells results in improved physical condition and mobility in the 
mouse model for Duchenne muscular dystrophy. Such overexpression also benefits individuals 
suffering from or susceptible to other forms of muscular dystrophy in which there is a 

1 5 deficiency in dystrophin and/or utrophin or a 7 integrin. Similar improvements are achieved 
with the overexpression of the a7BX2 integrin polypeptide in human muscular dystrophy 
patients as well, either due to expression of an a7BX2 transgene specifically in muscle cells of 
human MD patients or due to increased expression of the naturally occurring gene due to 
stimulation of expression by the administration of a therapeutic composition with that effect. 

20 Human patients are similarly improved with respect to physical parameters and quality and 
length of life by the administration of compositions which improve the stability of the integrin 
protein. The expression of the a7BX2 coding sequence under the control of a muscle specific 
promoter in a human patient results in increased levels of the (3 ID polypeptide as well, with 
the result of increased function and quality of life. Any suitable vector for introducing the 

25 specifically regulated a7BX2 coding sequence can be used in the treatment of muscular 
dystrophy patients, with administration according to art-known methods. Intravenous or 
intramuscular administration or regional perfusion of a viral or plasmid vector comprising the 
muscle cell-specific expression construct is a desirable route of administration. Retroviral 
vectors, adenovirus vectors and adeno-associated vectors are known and available to the art. 

30 Alternatively, the patient's myoblasts or stem cells can be harvested, transfected with a vector 
containing the muscle cell-specific expression construct, selected and expanded or ex vivo and 
then reintroduced into the patient by the intravenous route. Patients suffering from other forms 
of muscular dystrophy where a 7 integrin protein levels are below normal similarly benefit from 
expression of an exogenous a7 coding sequence so that increased amounts of cx7pi protein are 

35 increased in muscle cells, with the result that the symptoms of muscular dystrophy are 
ameliorated. 




As an alternative to the use of gene therapy to increase a7BX2 expression in the 
muscular dystrophy patient, one can administer a composition effective for enhancing the level 
of expression of the patients own a7BX2. The present invention provides methods for 
screening for enhanced a7BX2 expression: one of ordinary skill in the art can use quantitative 
^ (semi-quantitative) reverse transcriptase-polymerase chain reaction (RT-PCR) assays or 
Northern hybridizations which allow determination of relative amounts of mRNA. Alternatively, 
one can monitor expression of state-of-the-art reporter molecules (e.g., green fluorescent 
protein, luciferase, P-galactosidase, ^-lactamase, P-glucosidase), to evaluate drug-induced 
expression of the a7 integnn promoter linked to sequences encoding the reporter. Muscle cells 

1 0 or myogenic cells in culture are treated with test compositions and the amounts of a7BX2 or 
a7-specific transcripts are determined in response to a test compositions in comparison to a 
control which has not treated with the test composition. Expression is enhanced in response 
to the test composition when the level of a7BX2 or a7-specific transcript is greater in the 
presence than in the absence of the test composition. Alternatively, the amount or relative 

1 5 amount of ct7BX2 or a7 protein is determined after growth of the muscle or myogenic cells in 
the presence and absence of the test composition. The amount or relative amount can be 
determined using a7BX2 or a7-specific antibody using any of known immunological assays: 
radioactive immunoassay, western blotting, enzyme-linked immunoassays, sandwich 
immunoassays and the like. As an alternative to an immunological methods, the amount or 

20 relative amount of the protein can be determined by the use of muscle or myogenic cells 
transformed with a fusion protein coding sequence for an a7BX2 protein linked to a green 
fluorescent protein sequence, or enzymatic reporters such as luciferase, p-lactamase, p- 
galactosidase, or p-glucuronidase, among others, or an immunological tag portion which can 
then allow specific immunological measurement of the target fusion protein. Such a fusion 

25 protein is expressed under the regulatory control of the native a 7 promoter. Compositions 
identified by any of the assay methods noted above are used in the amelioration of muscular 
dystrophy symptoms by stimulating or increasing expression of the patient's own gene. The 
a7BX2-mdx/utr (-/-) mice can also be used for in vivo assays for compounds which ameliorate 
muscular dystrophy, by treating the mice with test compounds and observing an improvement 

30 in physical status. 

Also within the scope of the present invention are methods for the diagnosis of 
muscular dystrophies which are characterized by lower than normal levels of cx7 integnn 
protein, especially scapuloperoneal muscular dystrophy (SPMD). SPMD is diagnosed when the 
3? transcriptional or translational expression of the a7A integnn isoform is reduced in muscle 
tissue biopsy samples taken from a patient exhibiting muscular dystrophy symptoms. 
Detection of a7A mtegrin expression can be via immunological analysis, or it can be via a7A 
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mtegrin specific hybridization probes or using u7A lntegnn-specific primers for use in a reverse 
transcriptase polymerase chain reaction assay with the detection of the cx7A mtegrin 
amplification product of a specific size, as described herein below. Using the particular primers 
described hereinbelow, the a7A amplification product is 451 bp whereas the amplification 
? product produced from an a7B transcript is 338 bp in length. The percent reduction in cx7A 
expression parallels the severity' of disease. SPMD is further characterized in that patients with 
this disorder exhibit normal levels of 2/4 laminin expression. 

In a method for diagnosing SPMD in an individual first a sample of muscle tissue from 

10 the individual is provided and, if necessary, treating to render the components of the tissue 
available for antibody binding, the muscle tissue sample being characterized by levels of the 
a7A integrin protein; contacting the muscle tissue sample with an antibody which specifically 
binds to the a7A integrin protein, wherein said contacting under conditions appropriate for 
binding of the antibody to the of the a7A integrin protein integrin protein; detecting the extent 

15 of binding of the antibody to the a7A integrin protein in the muscle tissue sample; and 
comparing the extent of binding of the antibody specific for the a7A integrin protein in the 
muscle tissue sample from the individual for whom diagnosis is sought to the extent of binding 
of the antibody specific for the a7A integrin protein in a muscle tissue sample from a normal 
individual, wherein a substantial reduction in the extent of binding of the antibody specific for 

20 the a7A integrin protein in the muscle tissue sample from the individual for whom diagnosis 
is sought as compared with the extent of binding in the muscle tissue sample of a normal 
individual is indicative of SPMD (scapuloperoneal muscular dystrophy). Desirably the muscle 
tissue samples are from skeletal muscle tissue. Histological specimens from an individual for 
whom diagnosis is sought and from a normal individual can also be used with antibody 

25 detection methods. Detection of the bound antibody can be via a detectable label such as a 
fluorescent compound, a chemilummescent compound, radioactive label, enzyme label or other 
label known to the art, coupled with detection methods obvious in choice to one of ordinarv 
skill in the art. A second antibody which recognizes the (first) integrin-specific antibody can be 
labeled and used to detect the bound first antibody. Advantageously, assays can be run in 

30 parallel for the assessment of the expression of 2/4 laminin in the individual for whom 
diagnosis is sought (and in a normal (control) sample. In an SPMD patient, the laminin levels 
are within the normal range. 

The diagnostic method of the present invention can also be based on western blot 
35 analysis. In such a method the muscle tissue samples are solubilized, the components are 
separated by electrophoresis, for example, polyacrylamide gel electrophoresis or sodium dodecyl 
sulfate polyacrylamide gel electrophoresis, the separated components are transferred to a solid 
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support to form an immunoblot, the immunoblot is contacted with antibody specific for the a7A 
integnn protein under conditions appropriate for the binding of the antibody to the cognate 
integrin protein, the non-specifically bound material is removed, and the specific binding of the 
antibody to the a7A integnn protein is detected, and the extent of the antibody binding to the 
immunoblot from the muscle tissue samples of the individual for whom diagnosis is sought is 
compared to the extent of antibody binding to an otherwise identical immunoblot prepared from 
a muscle tissue sample from a normal individual, wherein a substantial reduction in the extent 
of antibody binding to the a7A integrin protein in the immunoblot of the sample from the 
individual for whom diagnosis is sought as compared to the antibody binding in the 
immunoblot for the muscle tissue sample from a normal individual is indicative of SPMD. 
Desirably, the muscle tissue samples are from skeletal muscle. As above, laminin levels are 
desirably assessed, and in SPMD, those levels are about the same as in a normal individual. 

Reverse transcriptase-polymerase chain reaction (RT-PCR) can also be carried out on 
15 muscle tissue samples from an individual for whom a diagnosis is sought. RNA is extracted 
with precautions for preservation of messenger RNA in the samples. The primers noted 
hereinbelow or other primers which result in the production of an amplification product 
characteristic in size of the a7A integrin messenger RNA are used. Alternatively, Northern 
hybridizations can be carried out on RNA samples from muscle tissue specimens with probes 
20 characteristic of the a7A transcript. SPMD is characterized by reduction in the expression of 
a7A integrin while levels of 2/4 laminin expression are normal. The primers disclosed herein 
can be used in the general procedure as disclosed in Hayashi et al. (1998). 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 Figures 1A-1D illustrate the genotyping of transgenic a7BX2 -mdx/utr (-/-) mice. Fig. 1A: 

The a7BX2 transgene (tg) was detected by PCR using primers that amplify between the MCK 
promoter and the cx7 cDNA sequence. Lanes 2 and 3 are positive for the MCK-a7BX2 transgene. 
Fig. IB: Southern analysis using a rat cx7 specific probe of EcoRI and Kpnl digested genomic 
DNA The 7. 1 kb band corresponding to the rat transgene construct is detected in lanes 4, 5 
30 and 6. A higher 14.2 kb transgene dimer was also detected. Samples in these lanes are from 
mdx/utr (-/-) mice. DNA in lanes 1, 2 and 3 are from non-transgenic mice. Fig. 1C: 
Determining the status of the utrophm gene by PCR. Only mutant utr alleles are detected m 
lanes 1 and 4 identifying utr (-/-) mice. One wild type (wt) and one mutant allele are amplified 
in lane 2, identifying a utr (+/-) mouse. Lane 3 is wildtype at both utr loci. Fig. ID: 
35 Determining the status of the dystrophin gene by PCR. The mdx primer set detects the point 
mutation in the dystrophin gene, whereas the wt primers detect only the wildtype allele. Mouse 
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2 is wildtype at the dystrophin locus, mouse 3 is heterozygous (mcW+) and mouse 4 is mdx. 
Lane 1 contains no DNA. 

Figure 2 demonstrates the expression of the rat a7 protein in mouse muscle. 
5 Immunofluorescence analysis of hindlimb cryosections using monoclonal antibodies against 
the rat a7 integnn chain, dystrophin, and utrophin. AChRs were stained with rhodamine- 
labeled a- bungarotoxin. The rat a 7 protein is only detected in transgenic mice and localizes 
to the membrane of muscle fibers. The lack of dystrophin and utrophin in both transgenic and 
non-transgenic mdx/utr (-/-) mice confirms their genotypes. 

10 

Figure 3 illustrates the immunofluorescence of (31 integnn isoforms in the hindlimb of 
8 week wildtvpe, mdx, mdx/utr (-/-) and a7BX2- mdx/ utr (-/-) mice, p 1A integrin is elevated in 
muscle fibers of mdx/utr (-/-) mice compared to wildtype and mdx animals. In contrast, (31A 
levels are normal in a7BX2-mdx/utr (-/-) mice. Compared to wildtype, an increase in piD is 
15 detected in both mdx and mdx/utr (-/-) muscle. a7BX2-mdx/utr (-/-) mice show an additional 
increase in piD compared to both mdx and mdx/utr (-/-) mice. 

Figures 4A-4C show the transgenic expression of a7BX2 increases the amount of piD 
in hindlimb muscle. Fig. 4A: Western blot showing more a7B is detected in transgenic mice 

20 compared to non-transgenic mice whereas a7A is constant. Fig. 4B: The blots were re-probed 
with anti creatine kinase antibody. The CK levels were used to normalize the amounts of a7A 
and a7B proteins in each sample. The levels of a7A/ CK in both transgenic and non transgenic 
mice remained constant. In contrast, a7B/CK ratio is 2.3 fold higher in the a7BX2 transgenic 
mice compared to the non-transgenic animal. Fig. 4C: piD integrin from 8 week hindlimb 

25 muscle. Less piD is detected in mdx/utr (-/-) mice compared to a7BX2- mdx/utr (-/-) mice. An 
increase of approximately 1.5-fold more piD was detected in the transgenic vs non-transgenic 
mice. 

Figure 5 provides Kaplan-Meier survival curves of 43 a7BX2-mdx/utr (-/-) and 84 
30 mdx/utr (-/-) mice. Wilcoxon and Log rank tests show the olBX2-mdx/ utr (-/ -) mice and 
mdx/utr (-/) populations have distinct survival curves (P<0.001). The a78X2-mdx/utr (-/-/ mice 
survive 3-fold longer than non-transgenic mdx/utr (-/-) mice with a median life expectancy of 
38 weeks. In contrast, non-transgenic mdx/utr (-/-) mice have a median life expectancy of just 
12 weeks. 95% confidence intervals are indicated by shading. 

35 

Figure 6 illustrates weight gam vs survival in representative mdx/utr (-/-) mice and 
c\7BX2-mdx/utr (-/-) mice. The majority of non-transgenic mdx/utr (-/-) mice undergo a crisis 
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at 5-10 weeks of age that results in a sudden loss of weight and premature death. Most 
transgenic mdx/utr (-/-) mice live longer and maintain weight. Eventually these also go through 
a crisis that results in weight loss. 

5 Figure 7 shows histology of hindlimbs from 10 week wildtype, mdx, mdx/utr (-/-) and 

uBX2- mdx/utr (-/-) mice. Hematoxylin and eosin staining reveal abundant central nuclei in 
mdx, mdx/utr (-/-) and a7BX2- mdx/utr (-/-) mice. Mononuclear cell infiltration and expression 
of fMyHC are extensive in the mdx/utr (-/-) mice, but are reduced in the a7BX2- mdx/utr (-/-) 
transgenic animals, indicating less degeneration and more stable regeneration in these mice. 

10 

Figure 8 shows the results of X-ray and magnetic resonance imaging of normal and 
dystrophin mice. Upper panels: the severe spinal curvature (kyphosis) and constriction of the 
rib cage in mdx/utr (-/-) mice are largely reduced in the a7BX2 transgenic animals. Lower 
panels: MRI of mid-sagittal sections reveal kyphosis and reduction of pulmonary volume in 
15 mdx/utr (-/-) mice are largely alleviated in transgenic mice. 

Figure 9 show that severe spinal curvature (kyphosis) and hmdlimb clasping (joint 
contractures) are largely reduced in mice expressing the rat a7BX2 transgene. 

20 Figure 10 provides en face images of neuromuscular junctions of 8 week wildtype, 

mdx/utr (-/-) and a7BX2-mdx/utr (-/-) mice. Localization of acetylcholine receptors (AChRs) in 
the postsynaptic membrane of wildtype mice, detected with rhodamme-labeled a-bungarotoxin, 
is continuous and uninterrupted. In contrast, mdx/utr (-/-) mice have discontinuous 
distributions of AChRs organized into discrete "boutons". The organization of the postsynaptic 

25 membrane in a7BX2- mdx/utr (-/-) transgenic mice has a more continuous (normal) en face 
pattern. 

Fig. 1 1 documents PCR detection of mtegnn cx7A and cx7B in normal control and SPMD 
patient samples. 35 cycles of amplification reveal minimal amounts of a7A in the SPMD patient 
30 samples. 



Fig. 12 presents an immunofluorescence analysis of muscle biopsy material from three 
SPMD patients. The a7A mtegnn is absent from all three patient samples, and the amount of 
35 (/7B is decreased in relation to the severity of the pathology in the patients. Interestingly, the 
amounts of dystrophin and p-dystroglycan, two proteins that comprise an alternative adhesive 
mechanism, is increased in the SPMD patient biopsy materials. 
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DETAILED DESCRIPTION OF THE INVENTION 
Mutations in the al integrin gene resulting in the absence or reduction of the al 
integrin protein have been shown to be responsible for the myopathy and delayed motor 
? milestones of 4 Japanese patients with previously undefined muscular dystrophies (Havashi 
et al., 1998). In addition, expression of the a7pl integrin protein has been shown to be up- 
regulated in Duchenne muscular dystrophies (DMD) and down-regulated in laminin-2/4 
(a2pivl)-deficient patients. Because of the role of the a7pi integrin in muscle development, 
structure and function, we have further examined of its involvement in human muscle disease. 
10 Laminin-2/4 is also known as merosm. The structural gene encoding the al integrin has been 
mapped by fluorescence in situ hybridization (FISH) and radiation hybrid mapping to human 
chromosome 12ql3. Given the genetic localization of the SPMD to 12ql3-15 and the role of the 
al protein in muscle development and function, we have concluded that lack of expression of 
this gene is the underlying cause of this progressive muscle wasting disease. 

15 

Because of the diminished physical capacities and the early death of muscular 
dystrophy patients, especially Duchenne muscular dystrophy patients, there is a strong need 
for effective treatment of these individuals. Successful treatment has humanitarian 
advantages, as well as economic benefits to society and to families of affected individuals. It 
20 has been discovered that expression of the integrin polypeptide a7BX2 in muscle cells at 
greater than normal levels results in improved function and lifespan in the animal model for 
Duchenne muscular dystrophy (the mdx/utr (-/-) mouse). Treatment of human patients with 
genetic material containing a similarly regulated coding sequence for the integrin polypeptide 
a7BX2 results in improved physical condition and mobility as w r ell as increased lifespan. 

25 

To confirm that the cc7pl integrin linkage system can alleviate severe muscle disease, 
transgenic mice were produced that express the rat al chain in a genetic background which 
resulted in the absence of dystrophin and utrophin. DNA encoding the rat al integrin a7BX2 
isoform, under the transcriptional control of the mouse muscle creatine kinase (MCK) promoter, 

30 was cloned and shown to have biological activity in vitro (Burkin et al., 1998). The 3.3 kb MCK 
promoter limits transcription to differentiated skeletal and cardiac muscle, confining the effects 
of overexpression to these tissues (Donoviel et al., 1996). The 7.1 kb construct, MCK-u7BX2, 
was used to express the rat integrin in mdx/utr (-/-) mice. Due to the mortality of the double 
knockout mice, the rat transgene was initially introduced into a heterozygous [mdx/utr (+/-)] 

35 background and these animals were then bred to produce double knockout transgenic 
offspring. The ratio of offspring followed expected Mendelian genetics indicating the transgenic 
expression of the rat a 7 integrin did not have an obvious effect on embryonic development 
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The presence of the rat a 7 transgene was detected by both PCR and Southern analyses. 
Using MCKI and AATII primers, a 455 bp product was amplified only in transgenic mice (Fig. 
1A). Southern analysis produced a strong 7.1 kb band only in transgenic mice. This is the 
? expected size of the EcoRI and Kpnl digested MCK-a7BX2 construct (Fig. IB). A weak 14.2 kb 
band was also detected by Southern analysis suggesting a portion of the constructs had lost 
one of these restriction sites. 

The status of the utrophin gene was analyzed by PCR using the primers 553, 554 and 
10 22803 previously described (Grady et al., 1997a). A 640bp product is amplified when the 
wildtype utrophin allele is present, whereas a 450bp product is amplified when the utrophin 
mutant allele is present (Fig. 1C). 

The status of the dystrophin gene was determined by the amplification resistant 
15 mutation detection system (Amalfitano and Chamberlain, 1996). Using the mdx-specific primer 
set, a 275 bp mutant allele is detected, while in separate reactions the wild type specific primer 
set detected a 275 bp wildtype allele. Fig. ID shows three different genotypes at the dystrophin 
locus. Mouse 2 is wildtype at the dystrophin locus, mouse 3 is heterozygous (mdx -/+) while 
mouse 4 is mdx. 

20 

Protein expression from the rat ct7 chain transgene was determined by 
immunofluorescence analysis of cryosections using the rat-specific a7 monoclonal antibody 026 
(Fig. 2). The rat a 7 chain was only detected by immunofluorescence in the muscle of transgenic 
mice (Fig. 2). Immunofluorescence also showed the absence of dystrophin in muscle fibers and 
25 the absence of utrophin at neuromuscular junctions in both transgenic and non-transgenic 
mdx/utr (-/-) mice (Fig. 2). 

The alternative spliced form of the (31 integrin chain, filD, is expressed in differentiated 
skeletal and cardiac muscle (Zhidkova, et al., 1995; van der Flier, et al., 1995; Belkm, et al., 

30 1996;). Compared to the P1A, (31D may form stronger linkages between the cell cytoskeleton 
and extracellular matrix (Belkin et al., 1997). Immunofluorescence analysis showed (31 A levels 
were elevated in fibers of mdx/utr (-/-) mice compared to wildtype and mdx animals. This is 
indicative of muscle that is not fully differentiated. In contrast a 7 BX2- mdx/ utr (-/-) mice had 
normal levels of [31 A integrin. Immunofluorescence and western blot analysis showed that mdx 

35 and mdx/utr (-/-) mice have more cell surface (31 D chain than wildtype mice. This increase in 
(3 ID coincided with an increase in endogenous a7 chain in non-transgenic mdx and mdx/utr 
(-/-) mice as well total a 7 in u7BX2-mdx/utr (-/-) mice. The U.7BX2- mdx/ utr (-/-) mice also had 
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an additional 1.5-fold more plD compared to mdx/utr (-/-) mice (Figs. 3 and 4C(. Thus an 
increase in the a7BX2plD integrm is promoted by increased expression of the a 7 transgene 
expressed specifically in muscle cells. 



? As previously reported, mdx mice express approximately two-fold more cx7 integrin 

mRNA than wildtype controls (Hodges, et aL, 1997). No further increase in a7 protein was 
detected in the mdx/utr (-/-) animals. The amount of a7BX2 protein in the a7BX2- mdx/utr (-/-) 
mouse hindlimb detected by western blots was approximately 2.3-fold greater than the 
endogenous a7BX2 chain in mdx/utr (-/-) mice (Figs. 4A and 4B). As expected, the levels of 
10 a7AX2 were equivalent in the transgenic and non-transgenic mice. 

a7BX2- mdx/utr (-/-) mice exhibit increased longevity and mobility as compared to the 
mdx/utr (-/-) mice. Longevity was significantly extended in the a7BX2-mdx/utr (-/-) transgenic 
mice (Fig. 5). Kaplan-Meier survival analysis (Kaplan and Meier, 1958) of 84 non-transgenic and 

15 43 transgenic mdx/utr (-/-) mice demonstrated that the observed differences in survival of these 
populations were statistically significant (p<.001). Log-rank (Peto et aL, 1977) and Wilcoxon 
rank-sum tests (Conover, 1980) showed that the difference in survival emerged soon after birth 
and was maintained throughout the observed lifetime of the animals. The mdx/utr (-/-) mice 
used in these experiments developed severe muscular dystrophy and 50% died before 12 weeks 

20 of age. The median age at death of the transgenic mdx/utr (•/-) mice was 38 weeks, a three-fold 
increase over that observed in non-transgenic mdx/utr (-/-) littermates. These findings were 
similar in male and female mice. The oldest a7BX2- mdx/utr (-/-) mouse was sacrificed at 64 
weeks of age. 

25 Compared to mdx mice that exhibit minimal pathology, mdx/utr (-/ -) mice do not 

maintain weight. Instead these mice undergo a crisis period that results in weight loss and 
premature death at 8-20 weeks of age (Grady, et aL, 1997b; Deconinck, et aL, 1997b). In 
contrast, al BX2- mdx/ utr (-/-) transgenic mice did not show sudden weight loss. Animal weight 
stabilized between 20-25 grams (Fig. 6). No significant differences were found in the weights 

30 of mdx mice compared to u.7BX2-mdx mice between 3 to 30 weeks of age. Thus, extra a7BX2 
chain itself does not promote weight gain. 

By 8 weeks of age mdx/utr (-/-) mice exhibited limited mobility and a waddling gait. In 
contrast, u7BX2-mdx/utr (-/-) littermates had highly improved mobility, comparable to mdx 
To mice. The transgenic mice are dramatically improved in parameters including kyphosis, gait, 
joint contractures and mobility, as compared with the mdx/utr (-/-) mice lacking the transgene 
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Enhanced expression of the a7BX2 chain stabilizes regeneration in mdx/utr (-/•) mice. 
Nuclei are normally localized along the periphery of myofibers, whereas in regenerating muscle 
nuclei are centrally located (DiMario, et aL, 1991). Regeneration is also accompanied by a 
? transient reversion to expression of fetal isoforms of myosin heavy chain (fMyHC) (Matsuda, et 
al., 1983; Sand, et ai., 1987). Hindlimb sections from 5, 8 and 10 week old wildtype, mdx, 
mdx/utr (-/-) and a7BX2- mdx/utr (-/-) mice were stained with hematoxylin and eosin to 
determine the extent of mononuclear infiltration and centrally located nuclei (Fig. 7 and Table 
1). Immunofluorescence of fMyHC was also determined. Degeneration and regeneration that 

10 are characteristic of muscle disease occur earlier in mdx/utr (-/-) animals compared to mdx 
mice (Fig. 7 and Table 1). These results are consistent with the earlier onset of necrosis and cell 
infiltration previously reported in these animals (Grady et al., 1997b; Deconinck et al., 1997b). 
The occurrence of central nuclei in a7BX2- mdx/utr (-/-) mice was similar to that in mdx/utr (-/-) 
mice indicating that enhanced expression of the integrin does not prevent early degeneration 

15 and regeneration. Likewise, fMyHC expression was most extensive at 5 weeks in the mdx/utr 
(-/-) and a7BX2 -mdx/utr (-/-) mice. In contrast, mdx mice exhibited very little fMyHC at 5 
weeks. At 8 weeks fMyHC was elevated in mdx mice and at 10 weeks it was reduced, indicating 
that a cycle of degeneration and regeneration was followed by stabilization. The shift from the 
1A to piD chain supports this conclusion. At all ages examined, the extent of fMyHC expression 

20 in the a7BX2- mdx/ utr (-/-) animals was intermediate between that found in the mdx and 
mdx/utr (-/-) animals. In the 8 and 10 week old transgenic mdx/utr (-/-) mice, fMyHC expression 
approached that in mdx mice (Fig. 7). This decreased expression of fMyHC in a7BX2-mdx/utr 
(-/-) mice paralleled the greater integrity of tissue seen in the 8 and 10 week transgenic animals 
compared to the mdx/utr (-/-) mice. The extensive mononuclear cell infiltration observed in the 

25 mdx/utr (-/-) mice was also partially reduced in the a 7 BX2 -mdx/ utr (-/-) animals (Fig. 7). Thus, 
enhanced expression of the a7p integrin does not alter the initial degenerative cycle, but once 
regeneration has taken place, the additional integrin appears to stabilize muscle integrity 
reducing muscle pathology. 

30 Kyphosis and joint contractures are alleviated in alBX2-mdx/utr (-/-) mice as compared 

with the mdx/utr (-/-) mice. Severe curvature of the spine (kyphosis) in DMD patients and 
mdx/utr (-/-) mice is due to a failure of the muscles that would normally support the spinal 
column (Oda et al., 1993). X-ray images showed that both kyphosis and rib cage compression 
were markedly reduced in a7BX2- mdx/utr (-/-) mice compared to mdx/utr (-/-) littermates (Fig. 

35 8). This was confirmed by whole body magnetic resonance imaging (MRI) which visualized not 
only the tissues surrounding the spinal column, but bundles of muscle fibers, the heart, lung 
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and other soft tissues. The reduction in kyphosis promoted by the enhanced expression of 
mtegnn in the a7BX2-mdx/utr (-/-) animals likely is a major factor in their survival. Kvphosis 
results in the diaphragm being pushed forward, compromising lung capacity and diaphragm 
function, and thereby contributing to cardiopulmonary failure. A partial reduction of kvphosis 
5 has dramatic effects on survival. 

A hallmark of diseased musculature is the failure to extend limb muscles, resulting in 
joint contractures and impaired mobility. Hmdlimb joint contractures are conspicuous in 
mdx/utr (-/-) mice but are markedly reduced in the a7BX2- mdx/utr (-/•) mice (Fig. 9). The 
10 reduction in hmdlimb joint contractures allows the mice to have greatly improved mobility. 

Structural changes from the normal patterns in the neuromuscular junctions of a7BX2- 
mdx/utr (-/-) mice are reduced due to the expression of the integrin chain. The neuromuscular 
junctions (NMJs) in utr (-/-) mice exhibit a significant reduction the numbers of synaptic folds, 
15 and density of AchRs (Grady et al., 1997a; Deconinck et al., 1997a). This is exacerbated in 
mdx/utr (-/-) mice that show even greater reductions in post-synaptic folding and AChR density 
(Grady et al., 1997b; Deconinck et al., 1997b). The post-synaptic plate of the NMJ in the 
mdx/utr (-/-) mice appears en face as discrete boutons rather than as a continuous folded NMJ 
structure (Grady et al., 1997b; Rafael et al., 2000). 

20 

Because the a7(31 integrin is normally found at NMJs (Martin et al., 1996) and 
participates in the clustering of AChRs in C2C12 cells (Burkin et al., 1998, 2000), we compared 
the structure of NMJs from 8 week old wildtype, mdx/utr (-/-) and a7BX2- mdx/utr (-/-) mice (Fig 
10). Longitudinal sections from the hindlimb muscle were stained with rhodamine-labeled cx- 
25 bungarotoxin and images of en face sections of the postsynaptic membrane were analyzed. 
Immunofluorescence staining of the NMJs of mdx/utr (-/-) mice appeared less intense than 
those of wildtype mice and showed extensive discrete boutons. In contrast, most NMJs from 
a7BX2-mdx/utr (-/-) mice appeared more continuous. Thus, enhanced levels of the a7pl 
integrin help maintain the normal structure of the NMJ. 

30 

Our results demonstrate, for the first time, that enhanced expression of the a7pi 
integrin can alleviate the development of muscular dystrophy and significantly extend longevity. 
Mice lacking both dystrophin and utrophm were used in this study because in the absence of 
both proteins, direct substitution of dystrophin with utrophm is precluded. This results in the 
35 development of severe muscular dystrophy and premature death, symptoms that closely 
resemble those seen in Duchenne muscular dystrophy (Grady, et al., 1997b; Deconinck, et al., 
1997b), an important muscular dystrophy in humans. 
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The a7BX2- mdx/utr (-/-) mice reported here have approximately 2.3-fold more u7BX2 
chain than their non-transgenic littermates. The plD chain, partner to a7, is also increased in 
the a7BX2 transgenic mice. The increased levels of a7fi\ mtegnn led to a three-fold extension 
5 in median survival time, markedly improved mobility, and reduced kyphosis and joint 
contractures in the transgenic mdx/utr (-/-) mice. Kaplan- Meier survival analysis of the 
transgenic and non-transgenic mdx/utr (-/-) mice shows that the extension of longevity due to 
expression of the transgene is statistically significant and is evident early and throughout the 
life of the animals. 

10 

The survival times of the mdx/utr (-/-) mice in these experiments differ slightly from 
those previously reported. The original reported longevity of the mdx/utr (-/-) used to produce 
the animals in our experiments was 4-14 weeks (Grady, et al., 1997b). More recently, a life 
span of 4-20 weeks has been reported (Grady et al., 1999) and occasional longer living mice 

1 5 have been noted by others. We too have noted some "outliers" in that 6 of 84 mdx/utr (-/-) mice 
survived beyond 22 weeks, with the oldest mouse dying at 36 weeks of age. The transgenic and 
non-transgenic mice with extended life spans were re-evaluated for expression of dystrophin 
and utrophm by PCR and immunofluorescence and were again found deficient in both. 
Nevertheless, a7BX2 - mdx/ utr (-/-) mice are clearly distinct in longevity, mobility and histology 

20 from nontransgenic littermates. The median lifespan of the a7BX2- mdx/utr (-/-) mice was 38 
weeks whereas the median life span for those not receiving the transgene was 12 weeks of age. 

Electron microscopy has been used to compare the NMJs and myotendinous junctions 
of mdx/utr (-/-) and a 7 BX2- mdx/utr (-/-) mice. The normal folded morphology of the post 

25 synaptic membrane of then NMJ that is severely compromised in the mdx/utr (-/-) mice is 
largely maintained where there is increased expression of the a7BX2 integrm. Similarly, the 
normal folding of the myotendinous junction that is absent in the severely dystrophic mice is 
also maintained when the levels of the a7pi integrin are increased. Thus, morphology of those 
structures that are involved in initiating muscle contraction and generating force and 

30 movement are preserved by enhanced expression of the integnns. Without wishing to be bound 
by any particular theory, the present inventor believes that the maintenance of the structure 
and function of both the myotendinous junction and neuromuscular junctions contributes to 
the increase in the lifespan of the transgenic mice. 

35 Enhanced expression of integrin prevents development of cardiomyopathy. The 

elevation of atrial natiurectic factor (ANF) seen in dystrophic mdx/utr (-/-) mice (and in 
dystrophic humans) is largely alleviated in animals expressing elevated levels of the c/7pl 
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mtegnn. Likewise, uptake of Evans blue, an indicator of membrane damage, and histologic 
determination of lesions in the heart all indicate that cardiomyopathy is largely reduced in the 
cx7BX2-mdx/ufr (-/-) mice as compared with the double knockout animals. Thus, enhanced 
expression of the integnn significantly prevents the development of pathology in both skeletal 
5 and cardiac muscle and it alleviates then symptoms in humans or animals suffering from the 
symptoms of dystrophy. 

Although the mechanism by which enhanced expression of the a 7 mtegrin protein 
alleviates the development of the dystrophin-deficient phenotype is not currently understood, 
10 multiple effects that result from additional a and (3 mtegnn chains are possible. An added 
advantage of the a7BX2 integnn expression is that it is a protein produced in the muscular 
dystrophy patients, and therefore, there is no potential for an immune reaction to it as there 
would be in the recombinant expression of a protein which is not already expressed in those 
patients. 

15 

Suitable vectors for directing the expression of the a7BX2 integrin expression include 
retrovirus vectors, adenovirus vectors and adeno-associated virus vectors. Vectors and 
methods are described in references including, but not limited to, Campeau et al. (2001); 
Stedman, H. (2001); Yoon and Lee (2000); Wang et al. (2000), Ragot et al. (1993), Muzyczka, 
20 N. (1992), Greelish et al. (1999), Xiao et al. (2000), Cordier et al. (2000), Ascadi et al. (1996), 
Gilbert et al. (1999), Ebihara et al. (2000), Fujii et al. (2000), Poirier et al. (2000). 

Expression of the (31D chain is, in nature, restricted to differentiated skeletal and 
cardiac muscle (Zhidkova, et al., 1995; van der Flier, et al., 1995; Welkin, et al., 1996; Welkin 
25 et al., 1997). In contrast, the plA chain is present in a wide variety of cell types including 
myogenic precursor cells. The piD cytoplasmic domain acts to arrest the progression of 
myoblast proliferation, alter subcellular localization and affinity of a7(51 for its ligand, and alter 
the association of the cx7pi with the cell cytoskeleton (Welkin et al., 1997). 

30 Increased piD expression in a7BX2 transgenic mice appears to increase the interaction 

between the extracellular matrix, sarcolemma and the cell cytoskeleton, stabilizing muscle 
integrity. Moreover, pi A, characteristic of non-muscle cells and undifferentiated muscle, is 
increased in mdx/utr (-/-) and decreased in the transgenic mdx/utr (-/-) animals. The shift from 
P1A and increased (31 D reflects less mononuclear cell infiltrates and increased stability of 

35 muscle fibers in the rescued mice. 
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The u7BX2 integrin chain is normally concentrated at neuromuscular and 
myotendmous junctions (Martin et al., 1996), as well as at intrafascicular junctions. In 
patients with Duchenne muscular dystrophy and in mdxand mdx/utr (-/ -J mice, endogenous 
expression of the u7 integrin protein is increased and the a7BX2 isoform is also found 
5 extrajunctionally (Hodges et al, 1997). This increase in expression and re-distribution of a7(31 
integrin in dystrophic mice is also seen with utrophin that is normally confined to 
neuromuscular junctions (Matsumura et al., 1992). Immunolocalization of integrin encoded by 
the rat a7 transgene, detected with anti-rat a7 antibodies, shows that the rat a7 protein is also 
distributed more globally in the a7BX2- mdx/utr (-/-) animals. Enhanced expression of the 
10 integrin therefore contributes to the mechanical integration and stability between muscle fibers 
and at their junctional sites. Other possible mechanisms may also underlie how the a7pi 
integrin rescues mdx/utr (-/ -) mice. 

Whereas the MCK promoter drives transcription in skeletal and cardiac muscle 
15 (Donoviel et al., 1996), enhanced expression of the api integrin in the heart also contributes 
to the rescue of these animals. However, expression of utrophin in skeletal muscle, but not 
cardiac muscle, of mdx/utr (-/-) mice increased survival and reduced pathology (Rafael et al., 
1998). These observations suggest that the loss of skeletal muscle integrity is the major factor 
in the development of muscle pathology in mdx/utr (-/-) mice. 

20 

The role of the a7pi integrin in the formation of the postsynaptic membrane (Burkin, 
et al., 1998; 2000) suggests that increased integrin expression enhances the development and 
stability of the NMJ. Dystrophin and utrophin are also concentrated at the postsynaptic 
membrane and mdx/utr (-/-) and mdx/utr (-/-) mice show progressive alterations of the 

25 ultrastructure of these sites (Grady et al., 1997b; Deconinck et al., 1997b). Whereas wildtype 
and utr (-/-) mice have NMJ endplates that are highly folded and continuous, mdx and mdx/utr 
(-/-) mice show discontinuous NMJs that are described as discrete "boutons" (Grady et al., 
1997a; 1997b; Rafael et al., 2000). Whereas both mdxand utr (-/-) mice show a reduction in the 
number of synaptic folds when compared to wildtype mice, mdx/utr (-/-) mice show even fewer 

30 synaptic folds (Grady et al., 1997b; Deconinck et al., 1997b). Transgenic expression of the 
C/.7BX2 chain appears to maintain the normal en face structure of the postsynaptic membrane 
in mdx/utr (-/-) mice. 

In the absence of dystrophin, there is an increase in total muscle calcium (Bertonni et 
35 al.. 1982) and an elevation of intracellular calcium ([Ca 2 *)i) in isolated dystrophic mvofibers 
(Turner et al., 1988). These increases have been attributed to leaky calcium channels in 
dystrophic muscle compared to normal muscle. The [Ca^]i increase may activate Ca J - 



18 




dependent proteolysis and increase muscle degeneration (Denetclaw et al., 1994). [Ca-*]i levels 
are also regulated by signaling through the a7(31 mtegnn (Kwon et al., 2000), suggesting that 
this mtegnn may contribute to the maintenance of calcium levels in myofibers. If so, the 
transgenic expression of the cx7BX2 chain may regulate the activity of calcium channels, 
5 stabilizing [Ca- } ~]i levels in mdx/utr (-/ -) myofibers and reducing Ca 2 ~-dependent proteolysis and 
muscle degeneration. 

Enhanced expression of the a7 integrin may contribute to additional changes in the 
expression of other proteins, both within the cell and in the extracellular matrix. For example, 

10 matrix stability or modeling may potentiate both mechanical and signal transduction capacities 
of muscle (Colognato et al., 1999). This dual role for the integrin is consistent with analyses of 
a 7 (-/-) mice. The myotendinous junctions of fast fibers are compromised in a7 deficient mice 
(Mayer, et al., 1997). These myofibers also exhibit a partial shift from piD to piA integrin and 
activation of the c-Raf-1/ mitogen- activated protein kinase-2 signaling pathway. These changes 

1 5 cause a reduction of integrin dependent association of fibers and the basal lamina, contributing 
to the dystrophy that develops in these mice (Saher and Hilda, 1999). As shown herein, 
increased oc7 chain leads to increased piD integrin. 

A broad phenotype is seen in children with congenital muscular dystrophies that arise 
20 from mutations in the oc7 gene (Hayashi et al., 1998). These patients exhibit congenital 
myopathy, delayed motor milestones, and severe impairment of mobility. These phenotypes are 
consistent with a role for cc7pi integrin in the formation and stability of the postsynaptic 
membrane, myotendinous junctions, and overall stability of muscle integrity. 

25 Since enhanced expression of the a7pl integrin can alleviate many of the symptoms of 

severe muscular dystrophy in mdx/utr (-/-) mice, it appears that the integrin-mediated and 
dystrophin-mediated linkage systems between myofibers and the extracellular matrix are in 
manv ways functionally complementary mechanisms. As such, the enhanced expression of the 
a7pi integrin is a novel approach to alleviate Duchenne muscular dystrophy and treat a 7 

30 mtegnn-deficient congenital muscular dystrophies. Moreover, increasing integrin levels proves 
effective in reducing the development of other muscular dystrophies and cardiomyopathies that 
arise from compromised expression of other components of the dystrophin glycoprotein 
complex, but especially those muscular dystrophies in which there is a lower than normal level 
of a.7 integrin protein. 

35 

As an alternative to the use of gene therapy to increase a7BX2 expression in the 
muscular dystrophy patient, one can administer a composition effective for enhancing the level 
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of expression of the patient's own cx7BX2 sequence. The present invention provides methods 
for screening for enhanced cx7BX2 expression: one of ordinary skill in the art can use 
quantitative (semi-quantitative) reverse transcriptase-polymerase chain reaction (RT-PCR) 
assays or Northern hybridizations which allow determination of relative amounts of mRNA. 
5 Muscle cells or myogenic cells (either normal or derived from a muscular dystrophy patient or 
from an animal model for same) in culture are treated with test compositions and the amounts 
of a7BX2 or a7-specific transcripts are determined in response to a test compositions in 
comparison to a control which has not treated with the test composition. Expression is 
enhanced in response to the test composition when the level of a7BX2 or a7-specific transcript 

10 is greater in the presence than in the absence of the test composition. Alternatively, the 
amount or relative amount of a7BX2 or other a 7 protein is determined after growth of the 
muscle or myogenic cells in the presence and absence of the test composition. The amount or 
relative amount can be determined using a7BX2 or a7-specific antibody using any of known 
immunological assays: radioactive immunoassay, western blotting, enzyme-linked 

1 5 immunoassays, sandwich immunoassays and the like. As an alternative to immunological 
methods, the amount or relative amount of the protein can be determined by the use of muscle 
or myogenic cells transformed with a fusion protein coding sequence for an a7BX2 protein 
linked to a green fluorescent protein sequence, other reporters (such as luciferase, p- 
galactoside, (^-lactamase, P-glucuronidase, among others) or an immunological tag portion 

20 which can then allow specific immunological measurement of the target fusion protein. Such 
a fusion protein is expressed under the regulatory control of the native al promoter. 
Compositions identified by any of the assay methods noted above are used in the amelioration 
of muscular dystrophy symptoms by stimulating or increasing expression of the patient's own 
gene. Similarly, screening can be accomplished in which increased levels of the polypeptide are 

25 detected in response to treatment of the cells with a composition which increases the stability 
of the a7BX2 protein in the cells. Compositions identified by the screening methods described 
herein are useful in vivo for the increased expression and/ or stability of the a7BX2 protein in 
muscle cells and for the amelioration of muscular dystrophy symptoms in patients due to a net 
increase in the a7BX2 protein. Methods for high throughput screening for expression levels 

30 or for the amount of a fluorescence- tagged or enzyme-tagged protein are well known in the art, 
and can be readily adapted to the present measurement of a7BX2 protein without the expense 
of undue experimentation. 

Altered expression of the a7pi mtegnn is evident at a relatively high frequency in 
35 patients with muscular dystrophies of undefined origin. To determine the extent of involvement 
of the ci7pi mtegnn in skeletal muscle diseases, 303 human biopsy samples were screened for 
expression of both the a7A and cx7B isoforms. Of these, 36 patients were totally deficient in 
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both isoforms, whereas the others had anomalous expression of only one isoform of the a 7 
chain. This indicates that complex regulation of mtegnn production, or selective stability, 
underlies certain muscle diseases. The high frequency of involvement of the a7[H mtegnn in 
congenital muscle diseases supports the need for rapid screening and analyses of patients. 

5 

To determine if the al integrin polypeptide is involved in SPMD, muscle biopsies taken 
from five patients with SPMD were analyzed for integrin expression. Using immunofluorescence 
and western blot analyes, it was shown that there was a marked reduction or absence of the 
u7p integrin in all five SPMD patients as compared with normal healthy controls. In contrast, 

1 0 the a7p integrin was detected in the lining of the blood vessels, suggesting that aberrant tissue 
specific gene expression or alternative RNA splicing may cause the lack of this integrin in 
skeletal muscle. Immunofluorescence analysis revealed an increase in levels of dystrophin in 
muscle fibers of SPMD patient tissue samples; perhaps dystrophin compensates for the reduced 
integrin linkage system in skeletal muscle. In addition, utrophin expression, normally confined 

15 to neuromuscular junctions, was observed throughout the muscle membranes of SPMD 
patients. Our results indicate that the reduction (or lack) of a7pi integrin in skeletal muscle 
contributes to SPMD. 

Cryosections from muscle biopsies from normal individuals and from SPMD patients 
20 were initially screened by immunofluorescence using a pan anti-a7 integrin antibody (026) to 
detect all integrin isoforms. This antibody was originally developed against the rat a7 protein 
but at high concentrations (>35 ug/ml), human a7 staining is detected by immunofluorescence. 
Normal muscle showed typical al integrin protein throughout the sarcolemma with higher 
concentrations at junctional sites. In all SPMD patients whose biopsies were analyzed, little 
25 or no al integrin protein was detected (Fig. 12). Two other patients (#6 and #7) had such 
severe pathology that little skeletal muscle was present in the biopsy sample. The muscle fibers 
present in these patients showed a significant reduction in al integrin immunofluorescence 
signal. Blood vessels in some patients (e.g., #6) showed strong al integrin expression 
(presumably a7p integrin) suggesting integrin loss was restricted to skeletal muscle tissue. To 
30 control these experiments, secondary antibody-only controls were used, which were negative 
for all patients. 

Using an anti-a7A polyclonal antibody, little or no fluorescence signal was detected in 
all SPMD patients, indicating a complete absence of a7A in the skeletal muscles of these 
35 patients (Fig. 12). In contrast, cx7p integrin fluorescence was detected in muscle biopsy 
samples from patient #5 and#9 but not in #4 (Fig. 12). 
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The plD integrin isoform is the heterodimeric partner of a7 lntegnn in skeletal and 
cardiac muscle. Because of the altered expression of the a 7 integrin in these patients, we 
examined if expression of the pi integrin protein was also affected. Fig. 12 shows that piD 
integrin immunofluorescence was comparable in the normal and SPMD biopsv materials. 
5 Accordingly, we conclude that plD integrin expression is normal in this form of muscular 
dystrophy. 

Because previous studies have shown that the a 7 protein is absent from the muscles 
of laminin-2/4 (a2p lylj-deficient patients and dv mice, we examined whether there was a 
10 similar lack of laminin expression in the muscular biopsies from the SPMD patients. Our 
results showed that all the SPMD patients analyzed have lammm-2/4 in the matrix 
surrounding muscle fibers, indicating that the reduction or lack of a 7 integrin is not secondary 
to the loss of laminin-2/4 (merosin). 

15 

Due to the absence of a7A integrin in the muscle of SPMD patients, we determined the 
localization and relative levels of expression of other muscle protein involved in the stability and 
integrity of muscle fibers. All five SPMD patients showed dystrophin expression. However, the 
levels of dystrophin appeared significantly higher than in normal control muscle biopsies. 

20 

Utrophin, a protein closely related to dystrophin, is normally restricted to 
neuromuscular junctions. In all SPMD patients utrophin immunofluorescence was not only 
found at neuromuscular junctions but also around muscle fibers, especially in patients #5 and 
#9. These results indicate that SPMD pathology results in a weakening of the matrix-muscle 
25 fiber interactions (as in DMD) and a compensator} 7 change in the localization and expression 
of the utrophin protein to stabilize muscle fibers. 

Neuromuscular junctions (detected by staining acetylcholine receptors (AchRs) with 
rhodamine labeled a-bungarotoxin) appeared smaller and fragmented in SPMD patients as 
30 compared to those of normal controls. 

To determine the extent of pathology of SPMD patients analyzed in this studv. 
hematoxylin and eosin (H&E) staining of 10 urn cryosections were carried out. Patient #4 had 
moderate variations in muscle fiber diameter, infiltration of mononuclear cells and centrally 
35 located nuclei. Patient #5 had less severe abnormalities, but gaps were evident between muscle 
fibers. 




SPMD is diagnosed when the transcriptional or translational expression of the u/A 
integrin isoform is reduced in muscle tissue biopsy samples taken from a patient exhibiting 
muscular dystrophy symptoms. Detection of a7A integrin expression can be via immunological 
analysis, or it can be via a7A integrin specific hybridization probes or using a7A integrin- 
? specific primers for use in a reverse transcriptase polymerase chain reaction assay with the 
detection of the cx7A integrin amplification product of a specific size, as described herein below 
(Fig. 11). Using the particular primers described hereinbelow, the cx7A amplification product 
is 451 bp whereas the amplification product produced from an a7B transcript is 338 bp in 
length. One of ordinary skill in the art can readily modify the primers specifically disclosed 
10 herein to arrive at functionally equivalent primers, i.e., those which provide for distinction by 
size (or sequence at the splice junction regions) of the integrin a7 transcript. Similarly, 
alternative monoclonal antibodies which distinguish the a7 polypeptides can be developed 
using art-known technology. 

15 Monoclonal or polyclonal antibodies, preferably monoclonal, specifically reacting with 

a particular integrin subunit polypeptide or encoded by a particular coding sequence, especially 
an a7pl integrin, have been made by methods known in the art. See, e.g., Harlow and Lane 
(1988) Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratories; Goding (1986) 
Monoclonal Antibodies: Principles and Practice, 2d ed., Academic Press, New York; and Ausubel 

20 et al. (1993) Current Protocols in Molecular Biology, Wiley Interscience, New York, NY. 

Standard techniques for cloning, DNA isolation, amplification and purification, for 
enzymatic reactions involving DNA ligase, DNA polymerase, restriction endonucleases and the 
like, and various separation techniques are those known and commonly employed by those 

25 skilled in the art. A number of standard techniques are described in Sambrook et al. (1989) 
Molecular Cloning, Second Edition, Cold Spring Harbor Laboratory, Plainview, New York; 
Maniatis et al. (1982) Molecular Cloning, Cold Spring Harbor Laboratory, Plainview, New York; 
Wu (ed.) (1993) Meth. Enzymol. 218, Part I; Wu (ed.) (1979) Meth. Enzymol. 68; Wu et al. (eds.) 
(1983) Meth. Enzymol. 100 and 101; Grossman and Moldave (eds.) Meth. Enzymol. 65; Miller 

30 (ed.) (1972) Experiments in Molecular Genetics, Cold Spring Harbor Laboratory, Cold Spring 
Harbor, New York; Old and Primrose (1981) Principles of Gene Manipulation, University of 
California Press, Berkeley; Schleif and Wensink (1982) Practical Methods in Molecular Biology: 
Glover (ed.) (1985) DNA Cloning Vol. I and II, IRL Press, Oxford, UK; Hames and Higgins (eds.) 
(1985) Nucleic Acid Hybridization, IRL Press, Oxford, UK; Setlow and Hollaender (1979) Genetic 

35 Engineering: Principles and Methods, Vols. 1-4, Plenum Press, New York; and Ausubel et al. 
(1992) Current Protocols in Molecular Biology, Greene/ Wiley, New York, NY. Abbreviations and 
nomenclature, where employed, are deemed standard in the field and commonly used in 
professional journals such as those cited herein. 
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All references cited in the present application are incorporated by reference herein to 
the extent that there is no inconsistency with the present disclosure. 

? The following examples are provided for illustrative purposes, and are not intended to 

limit the scope of the invention as claimed herein. Any variations in the exemplified articles 
which occur to the skilled artisan are intended to fall within the scope of the present invention. 

EXAMPLES 

10 

Example 1 . MCK-a7BX2 integrin construct 

The cDNA encoding the rat a7BX2 integrin isoform was cloned into the pBK-RSV vector 
(Stratagene, La Jolla, CA) downstream of the 3.3 kb mouse muscle creatine kinase promoter 
(MCK, described in Jaynes et al., 1986) and the mouse a 7 integrin cell surface localization 

15 signal sequence using the restriction sites Aatll and KpnI. The MCK promoter was kindly 
provided by Dr. Stephen Hauschka, (University of Washington). The construct was verified by 
DNA sequencing. Previous studies have shown that the MCK promoter is only active in heart 
and skeletal muscle (Jaynes et al., 1986; Johnson et al., 1989; Shield et al., 1996). The 
expression and functionality of the MCK-a7BX2 integrin construct was verified by transfecting 

20 C2C12 myoblasts (Burkin et al., 1998; Burkin et al., 2000). The sequence of the integrin a 7 
subunit is given in Song et al. (1992). See also Burkin and Kaufman (1998) for a discussion 
of the MCK-regulated construct. 

Example 2. Production of transgenic mdx/ utr(-/ -) mice 

25 The MCK-a7BX2 construct-containing DNA fragment was gel purified. Fl female mice 

from a C57BL6 X SJ6 strain cross were superovulated, mated to Fl male mice and fertilized 
oocytes were collected. The MCK-a7BX2 construct w T as microinjected into male pronuclei and 
injected oocytes were placed into pseudopregnant mice at the University of Illinois Transgenic 
Animal Facility. Resulting pups were weaned at 3 weeks of age. Genomic DNA was isolated 

30 from 0.5 cm tail clips using a DNA isolation kit (Promega, Madison, WI). Primers (MCK1: 5'- 
caagctgcacgcctgggtcc-3\ SEQ ID NO:l; and AATII: 5'-ggcacccatgacgtccagattgaag-3', SEQ ID 
NO:2) used to amplify between the MCK promoter and the a7 integrin cDNA resulted in a 455 
bp amplimer only in transgenic mice. Transgenic male Fl mice were bred with mdx/ utr (+/-) 
female mice, provided by Dr. Joshua Sanes (Washington University, St. Louis, MO). 

35 

All male offspring were mdx due to the location of the dystrophin gene on the mouse X- 
chromosome. The mdx mutation was also screened by the amplification resistant mutation 
system described by Amalfitano and Chamberlain (1996). A new forward primer (Int22-306F. 
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5 '-catagttattaatgcatagatattcag-3 , SEQ ID NO:3), upstream of the m dx mutation site was used 
to yield a larger, 275 bp band. The status of the utrophm gene was analyzed by PCR using the 
primers 553, 554 and 22803 previously described by Grady et al., (1997a). Transgenic mdx/utr 
(■*■/-) males were bred with mdx/utr (+/-) female mice to produce transgenic u7BX2 mdx/utr (-/ -j 
5 mice. 

Example 3. Tissue Collection and Storage 

Muscle biopsies were obtained from SPMD or other dystrophic patients and from normal 
humans using local anaesthetic. All patients were from the same family and showed varying 

10 degrees of SPMD pathology. Muscle tissue from the right vastus lateralis muscle were obtained 
from Patients #4 and 5. Patients #6-9 provided muscle tissue from the left vastus lateralis 
muscle. Irrelevant biopsy samples from the same patients served as controls. Biopsied muscle 
samples were frozen in liquid nitrogen immediately after removal. Further control muscle 
samples were obtained from normal individuals without any known muscle diseases. Muscle 

1 5 samples were stored at -80°C prior to analysis. 

Example 4. Antibodies and reagents 

For western blot analysis, the polyclonal antibody specific for ot7CDA(345) and 
polyclonal antibody specific for a7CDB(347) were used to detect the a7A and a7B integrin 

20 cytoplasmic domains, respectively (Song et al., 1993). Peptides used to make these polyclonal 
antibodies were used as blocking controls. The monoclonal antibody 05 was used as a pan-a7 
integrin probe. For immunofluorescence analysis the pan-ct7 integrin monoclonal antibody 026 
was used to detect all a7 integrin chains. Rabbit polyclonal antibodies to the cytoplasmic 
domains of the a7A and piD integrin chains were provided by Dr. W.K. Song (See Kim et al., 

25 1999, Cell Adhes. Commun 7:85-87). Dystrophin was detected using an anti-dystrophin 
monoclonal antibody (MANDRA1) purchased from Sigma Chemical Co., St. Louis, MO. Culture 
fluid from the anti-utrophin monoclonal antibody-producing hybridoma (NCL-DRP2) was 
purchased from Novacastra Laboratories, Ltd. The anti-fetal myosin heavy light chain (fMYHC) 
monoclonal antibody 47A was obtained from Dr. Peter Mernfield (University of Western 

30 Ontario). AChR clusters were detected using rhodamme-labeled a-bungarotoxin purchased 
from Molecular Probes, Eugene, OR. FITC-labeled donkey anti-mouse and anti-rabbit 
antibodies were purchased from Jackson Laboratories, Bar Harbor, ME. The anti-creatine 
kinase monoclonal antibody (anti-CKIM) was obtained from ADI Diagnostics, Rexdale, Ontario. 

35 Example 5. Western analysis 

Samples of muscle tissue were extracted in 200 mM octyl-P-D-glucopyranoside, 50 mM 
Tns HC1, pH 7.4, 2 mM phenylmethylsulfonyl fluoride, 1:200 dilution of Protease Cocktail Set 

25 




Ill (Calbiochem, San Diego, CA), 1 mM CaCL, 1 mM MgCb at 4 C for 1 hr. Particulate material 
was removed by centnfugation, and the supernatants were collected. Protein concentrations 
were determined according to Bradford, M. (1976) Anal. Biochem. 72:248-254. Equal amounts 
of extracted muscle proteins were separated by sodium dodecyl sulfate polvacrylamide (8%) gel 
5 electrophoresis at 40 mA for 50 mm. The proteins were transferred to nitrocellulose filters. 
Filters were blocked using 10% horse serum in PCS, and the blocked filters were incubated 
with a 1:500 dilution of polyclonal anti-a7CDA(345) and anti-a7CDB(347) primary antibodies 
that recognize the A and B cytoplasmic domains, respectively (Song et al., 1993). Horseradish 
peroxidase (HRP)-linked anti-rabbit secondary antibody was used to detect bound primary 

10 antibody. Immunoreactive protein bands were detected using an Enhanced 
Chemiluminescence kit (Amersham, Arlington Heights, IL). Specificity of the bands was 
confirmed using the blocking peptides which served as immunogens in the production of the 
A2 (anti-a7A) and B2 (anti-a7B) antibody preparations. Blots were re-probed with an anti- 
creatine kinase antibody. The intensities of the a7 bands were compared to creatine kinase 

15 using ImageQuant software (Molecular Dynamics, Sunnyvale, CA). 

Example 6. Immunofluorescence Analyses 

Quadriceps muscles from 10 week old male mdx, mdx/utr (-/ -) and a7BX2-mdx/utr (-/-) 
were embedded in OCT (polyvinyl alcohol and polyethylene glycol) compound (Tissue-Tek, 

20 Torrance, CA) and frozen in liquid nitrogen cooled isopentane. Using a Leica CM 1900 series 
cryostat, 10 pm sections were cut and placed on microscope slides coated with 1% gelatin, 
0.05% chromium potassium sulfate. Sections were fixed in -20°C acetone for 1 min, rehydrated 
in phosphate buffered saline (PBS) for 10 mm and blocked in PBS containing 10% horse serum 
for 15 min. The rat a7 chain was detected using 5 pg/ml of purified 026 monoclonal antibody 

25 directly labeled with Alexa 488 (Molecular Probes, Eugene, OR). The anti-plD antibody was 
used at a 1:100 dilution in 1% horse serum in PBS. The anti-dystrophin antibody was used at 
a 1:100 dilution while anti-utrophin and anti-fMyHC antibodies were diluted 1:2 in 1% horse 
serum, PBS. Rhodamine labeled a-bungarotoxm was used at a 1:3000 dilution to detect 
neuromuscular junctions. 

30 

Endogenous mouse immunoglobulin was blocked before the addition of monoclonal 
antibodies using 60 ug/ml goat anti-mouse monovalent Fabs (Jackson Laboratories,) in 1% 
horse serum in PBS, for 30 mm at room temperature. Slides were then washed three times for 
5 mm each time in 1% horse serum in PBS. Primary antibodies were added for 1 hour at room 
35 temperature. Slides were washed 3 times (5 min per wash) in 1% horse serum, PBS. Primary 
antibodies were detected with a 1: 100 dilution of FITC-labeled donkey antimouse or anti-rabbit 
antibody in 1% horse serum in PBS. Slides were mounted using Vectorshield mountant (Vector 
Labs. Burlingame, CA). Localization of the antibody was observed with a Zeiss Photomicroscope 
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III (Carl Zeiss, Inc., Thornwood, NY). Images of were acquired with a Sony DXC9000 color video 
CCD camera using SiteCam software (Sony, Tokyo, Japan). 

Example 6. Immunofluorescence Analyses. 
!> Muscle biopsies from normal individuals and SPMD patients were embedded in OCT 

compound and frozen in liquid nitrogen cooled isopentane. Using a Leica CM 1900 series 
cryostat, 10 um sections were placed on microscope slides coated with 1% gelatin, 0.05% 
chromium potassium sulfate. Sections were fixed in ice cold acetone for 1 min, rehydrated in 
phosphate buffered saline (PBS) for 10 min and blocked in PBS containing 10% horse serum 

10 for 15 min. The a 7 integrin protein was detected using 35 ug/ml purified 026 monoclonal 
antibody in 1% horse serum, 1 x PBS. The anti-blD antibody was used at a 1:100 dilution in 
1% horse serum, 1 x PBS. The anti-dystrophin antibody was used at a 1: 100 dilution and anti- 
utrophin and anti-merosin antibodies were diluted 1:2 in 1% horse serum in 1 x PBS. 
Rhodamine-labeled bungarotoxin was used at a 1:1000 dilution to detect neuromuscular 

15 junctions. After the addition of primary antibody, slides were incubated for 1 hr at room 
temperature in a humidified chamber. Slides were washed 3 time (5 min each) in 1% horse 
serum, 1 x PBS. Primary monoclonal antibodies were detected using a 1: 1000 dilution of FITC- 
labeled donkey anti-mouse or anti-rabbit antibody in 1% horse serum, 1 x PBS. Washed slides 
were mounted in Vectorshield mountant (Vector Laboratories, Burlingame, CA) and 

20 coverslipped. Human a 7 integrin protein bands were visualized using a Zeiss Photomicroscope 
III (Carl Zeiss, Inc., Thornwood, NY). Images were acquired using a Sony DXC9000 color video 
CCD camera and Sitecam software. 

Example 7. Histology 

25 Ten micron cryosections from the quadriceps muscles of 5, 8 and 10 week old wildtype, 

mdx, mdx/utr (-/-) and transgenic mdx/utr (-/-) mice were placed on uncoated slides and stained 
with hematoxylin and eosin. The occurrence of central nuclei was scored in a minimum of 1000 
fibers in two mice from each line. 

30 Example 8. X-ray and Magnetic Resonance Imaging 

Spinal curvature (kyphosis) in 10 week old mdx, mdx/utr (-/-) and transgenic a7BX2- 
mdx/utr (-/-) mice was visualize by X-ray imaging using a Siemens Heliodent 70 X-ray machine 
(model D3104). X-rays were taken at 70 kVp and 7 mA. 

35 Magnetic resonance imaging (MRI) of 10 week old wildtype, mdx, mdx/utr (-/ -) and 

ci7BX2- mdx/utr (-/-) mice was used to visualize soft tissues. Mice were imaged at 1 mm 
thickness using a 4.7T/31cm Surrey Medical Imaging Spectrophotometer. 
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Example 9. RT-PCR and Genomic DNA Analyses. 

Total RNA was extracted from frozen muscle biopsies using TRIzol reagent (monophasic 
solution of phenol and guanidine isothiocyanate; U.S. Patent No. 5,346,994; Gibco-BRL, 
Gaithersburg, MD). A panel of overlapping primers designed from the a 7 cDNA sequence were 
5 used in RT-PCR reactions to screen patient RNA for transcriptional expression of the integrin 
a7A subunit isoform. 

The primers used to amplify around the humana7A/a7B alternative splice site are 
hu3101F 5-GAACAGCACCTTTCTGGAGG-3' (SEQ ID NO:4) and hu3438R 5- 
10 CCTTGAACTGCTGTCGGTCT-3' (SEQ ID NO:5). In SPMD patients there is very little a7A 
amplification product in comparison to the amount seen in a normal individual. The expected 
product sizes from the use of these primers in a polymerase chain reaction are for a7A: 451 bp 
band; a7B: 338 bp band. The numbers in the primer names correspond to the location in the 
human cDNA sequence, F denotes a forward primer and R denotes a reverse primer. 

15 

For Southern hybridization analyses, mouse genomic DNA was isolated from whole 
blood or liver using a genomic DNA isolation kit (Promega). DNA was cleaved with EcoRI and 
Kpnl at 3 U/ng of DNA for 16 hours. DNA fragments were separated on 0.8% agarose gels and 
alkaline transferred to Hybond-XL nylon membranes (Amersham) (Sambrook et al., 1989). A 
20 367 bp probe from the rat a 7 3'-non-translated domain was isolated. The probe was directly 
labeled with HRP using a North2South non- radioactive kit (Pierce Scientific, Rockford, IL). The 
hybridized blots were washed following manufacturer's instructions. Probes were detected using 
an ECL substrate (luminol and H 2 0 2 , Amersham Life Science, Arlington Heights, IL). Blots were 
exposed to X-ray film from 1 to 30 min. 

25 
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Example 10. Reporter Construction 



Table 1. DNA sequence and Restriction Map of u7 Integnn Promoter Region (1970bp) 

(SEQ ID NO:6) 

5 

GAAAGTAGAATCCTGGTGCCAGCCCTGCTGACAGCATATGTATTTCCTTATAGTACCTGTTTAGA 
GATGTGTTAGTGCTCTGGAGGGGATAGCCACAGGTGTAGTATTGGAAAACAGAGGGCCAGACT 
TCCAAATGTCTGTTAACTTATCCAAGGCAAAGACTGTCCCAGGGCAGCAGAGTAAGAACCCACT 
TTTTTTTTGTTTTC AAAG AAGTAT AATC CTG AACAATGAAGTAGGAAAGACAGAACACAGGAAGA 

10 GGAAGGAGGTAGGACACTTATTGGAACTTTTAAGAAAGGGAAAGAGAAGAAAGAA 

TATGATAGTGTTTGAAGGGCAGAGACAACACTAGAAACATTGAGAAATACTCTGAGAAAGATTCC 
AAGTGTGGCAGAGACAAGAATGATGACAAAATAGAATTTGGGATGAGACAAAATCAGATAGTGA 
GAGAGAGAAGGGAAGATGGACAGATGTATATTCACAAGACCAACACCAGTAAGCAAGGGGAGT 
AGGAAGGGGAAGTGGGAGCATTCGAGGTTCCCATTATGCCAAATTATTTCCTGTCTCTCCTTCT 

15 GGCCCCATTTCTGTATCGGAGTTATAAATAGCAGAGAGTTGGAAAGTGTCCCCCCACCCCCTTG 
CCTCTGTCCCAGCCTGAGGGAAAGGGAGAGGAAGAGGGACAGGCCAATGGGTCCCTGTGGAG 
ATCCCATCTCAGCCCCACCCAGGTCCTGCTGAGCCAGTCCAGGACTCTGCCCCCTCCCATCCC 
CTTTCATGGATAGGAAATGTGCAGTCCTGGGACGGGTCTGGTAGCTGGGGACACCCTTTACAT 
CCCTCTGCCTCTTGGGTCCAGTCTCTTTCATCTTTGCCTTCTTTGACACCCACTCCCCTCCCCAC 

20 TGCTTAATTTCCTCTTCCTGTAATCATCCCCAGTCGTTTTCTTTTCTCCCTTCA 
CAATTAATCTCTTGCCCTTCTTTCTTCCTCTCTATTCCTTTCCTTTTTC 

CCGTATCTCCCGAGTTTCTCTCTCTCTTCTTGCCTCTTTTTCTCTGTTCCCTTGAATCCTGACGA 
GTGGCTAGCACTGCTGTGGTCATTGCCGGGCTGGGGGCGGGGGATGGGATAGGATGGGGGA 
GGGCAGCGGTCTGATCCCAACAGCAGAAAGAGTGCTCTATGTGACCATGGGGGAACAGGGAG 

25 CACTAAGATGCCACGCTGCACCCAGGCCCAGGACGGCTCCCCTTTCATTTCCTCTCTATCTGCA 
CATCTCTCTTCCCAGGTTGTCTTTTAGCGTCTTCCCAACTTCTCATCTCTTACCCTCCTTC 
TTTCAGCCCCTCTCTTTCTATCTGTACTTCTCTCCCTCCGCATTCCAAGGCGCCGCCTCCACCAC 
TCCCGGGGTGGGGATGGGGTTGGGGGAGAAGGGGAGGAGAGCGCCGCGCAGGGGCGGAGC 
CGGAGACGGTGCTGGGCTTGGGGGGCGTGGTGGTGGGGGGTCAGCAAGGCTAGTTTCCATC 

30 CCAGCCACCAGCCTGGGCATCCCCTTGGAGACGGGCTTGGGTCTCCACCTGCCGCGGGAGCG 
AGGGGCGGGGCCGGAGGCGGGGCCTGAGTGGCGTCCCCGGGAGAGGAGGCGGGAGCCGG 
AGTGGGCGCCGGAGCTGCGGCTGCTGTAGTTGTCCTAGCCGGTGCTGGGGCGGCGGGGTGG 
CGGAGCGGCGGGCGGGCGGGAGGGCTGGCGGGGCGAACGTCTGGGAGACGTCTGAAAGAC 
CAACGAGACTTTGGAGACCAGAGACGCGCCTGGGGGGACCTGGGGCTTGGGGCGTGCGAGA 

35 TTTCCCTTGCATTCGCTGGGAGCTCGCGCAGGGATCGTCCCATGGCCGGGGCTCGGAGCCGC 
GACCCTTGGGGGGCCTCCGGGATTTGCTACCTTTTTGGCTCCCTGCTCGTCGAACTGCTCTTCT 

CACGGGCT 

Underlined: Translational start site. Italics: Exon 1 DNA sequence. 

40 

A luciferase reporter system is used to analyze promoter activity and to identify 
compounds which modulate (increase or decrease) promoter activity. The isolated a 7 integnn 
promoter sequences are subcloned into the pA3Luc vector so that the firefly luciferase gene is 

45 under the transcriptional control of the human a 7 promoter. These constructs are transfected 
into a human myoblast cell line along with a control vector phRL-TK(Int-) containing the Renilla 
luciferase gene coding sequence. Cotransfection with the Renilla construct is used to control 
transfection efficiency. The different fragments of the human a 7 gene are analyzed to determine 
which contains the greatest activity as determined by the luciferase reporter. The fragment with 

50 maximum activity is subcloned into the [^-lactamase reporter system for subsequent screens. 
In addition to the approximately 2 kb transcriptional regulatory sequences disclosed herein. 
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an approximately 5kb fragment of the human a 7 mtegnn promoter is also useful in reporter 
gene constructs. Another reporter system useful in the context of the present is the 
GeneBLAzer p-lactamase reporter technology (Aurora Biosciences Corporation, San Diego, CA). 

5 The reporter gene constructs of the present invention are transformed into myoblasts 

or myotendinous cells. These cells in which the reporter gene vector is maintained are 
contacted with test compounds, and the effect on reporter gene expression is monitored 
(fluorescence intensity where the reporter gene coding sequence is that of a fluorescent protein 
such as aequorin) and by measurement of a detectable product of an enzyme coding sequence, 

10 e.g. and enzyme activity such as that of (3-lactamase in the case of the GeneBLAzer system or 
that of luciferase using the reporter vector described above. Those compounds which cause a 
higher level of reporter activity in the presence of the presence than in the absence of the 
compound are those which stimulate expression of the intact a 7 integnn. These compounds 
similarly increase the level of a7 integrin in muscle and myotendinous cells. As demonstrated 

15 herein, increased expression leads to an amelioration of the muscular dystrophy symptoms. 

The human a 7 integrin transcription regulatory sequences are identified as part of the 
Homo sapiens chromosome 12 BAC, RP1 l-M'^ ,ms BAC nucleotide sequence is available 
under GenBank Accession No. AC009779, deposited by K.C. Worley. 

20 

Example 1 1 . Statistical Analysis 

Survival data from 84 mdx/utr (-/-) mice and 43 transgenic alBX2- mdx/utr (-/-) mice 
were analyzed using the Kaplan-Meier method (Kaplan and Meier, 1958). Survival curves were 
25 generated for both populations and the data compared using log-rank (Peto et al., 1977) and 
Wilcoxon (Conover et al., 1980) statistical tests. 

Table 2. Percent fibers with central nuclei 





5 weeks 


8 weeks 


10 weeks 


wt 


2.6 


1.3 


2.7 


Mdx 


33.0 


65.6 


70.9 


mdx/utr (-/-) 


79.0 


78.4 


75.2 


a7BX2-mdx/utr(-/-) 


62.1 


71.7 


63.9 



Sections of hmdlimb muscle from 5, 8, and 10 week old mice were 
stained with hematoxylin and eosin. Nuclear localization was scored 
in at least 1000 fibers in each animal. 
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